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The AFM cantilever with spring constant of k, connected to the piezoelectric cell,
is used to deform the cell while the interaction force, F, is detected based on the
deflection of the cantilever, &.. The raw AFM data is the relationship between force, F,
and piezoelectric cell displacement, y, where F = k x .. Since the AFM cantilever is
compliant, it is bending into the opposite direction, &c, while the sample is indented by os.
Thus displacement traveled by the piezoelectric cell, y, does not correspond to the actual
tip distance. Raw AFM force-displacement is the relationship between (F vs. y) needs to
be converted to the relation between applied force and cell deformation (F vs. &) by
correcting cantilever deflection from the piezo displacement. Upon intimate contact of the
tip with the cell surface, ds is calculated by subtracting the cantilever deflection, &c, from
the measured piezoelectric cell displacement, y. According to the spherical Hertzian
contact mechanical model (3), the constitutive relation for a rigid spherical probe with
radius of Rarm pressing vertically on an elastic half continuum with elastic modulus, E,

and Poisson’s ratio, v = 0.50, is used to compute the cell elastic modulus, which is given

by

3(1-v?) oF
E=—|—0 |==5< (Ean 1)
4 ( Raru j 3"

A home-made MATLAB (MathWorks, Inc.) code was used to obtain elasticity

maps by analyzing all 1024 force curves in each 32 x 32 pixel force-volume image,

where the goodness values R? exceeded 0.85 in all curve fittings. Elastic property at each
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pixel was characterized by variable-indentation-depth fitting of force-displacement curve
to spherical Hertzian contact model. The indentation depth at each pixel was controlled
within 10% of cell thickness based on local cell thickness from AFM height image in
order to minimize rigid substrate effect. A line of zero force was defined from the
average deflection of points in the force-displacement curve corresponding to the
positions of the cantilever when it was far away from the surface. Figure S1B is the
representative raw AFM force-displacement curves collected at cell nucleus, cytoplasm,
and periphery as well as rigid substrate as shown in Figure S1A and Figure S1C is the
curve fitting to spherical Hertzian mechanical model for elastic modulus in the log-log
plot. Figure S2 is the time-lapse elastic modulus maps of EC from AFM mechanical
characterization at different time in response to thrombin and S1P. Figure S3 is the
STEM image of single actin filament fiber with diameter ~ 7 nm. Table 1 is the elastic
modulus of nucleus, cytoplasm and periphery regions of EC in response to thrombin and
S1P.
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Supplementary Figure Captions

Fig. S1. Curve fitting to spherical Hertzian mechanical contact model at different regions

of the cell as well as on the rigid substrate for elastic modulus characterization. (A) Three
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different regions selected from one single cell as cell nucleus, cytoplasm, and periphery
as well as rigid substrate. (B) The representative raw loading curves collected at the
different regions of cells. (C) The curve fittings to spherical Hertzian mechanical model
for elastic modulus in the log-log plot.

Fig. S2. Time-lapse elastic modulus maps of live EC from AFM mechanical
characterization in response to barrier-disrupting thrombin (1 unit/mL) and barrier-
enhancing S1P (1 uM).

Fig. S3. STEM image of single actin filament fiber with the diameter ~ 7 nm.

Table Captions:

Table 1. Time-lapse elastic modulus of nucleus, cytoplasm and periphery regions of ECs
in response to 2 different stimuli: thrombin (1 unit/mL) and S1P (1 uM).
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Figure S3
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Elastic Elastic Elastic
Time, t (min) Modulus of Modulus of M(_)dulus of
' Nucleus, E1 Cytoplasm, E2 | Periphery, E3
(kPa) (kPa) (kPa)
No Stimulation 0 518+1.0 18.56 + 0.6 2778+ 1.3
Thrombin 18 6.67 +1.09 19.40+0.5 2426 +1.1
(1 unit/mL) 36 8.0+1.2 20.0+0.5 23.79+1.1
54 7.99 £0.55 19.42+0.8 2460+ 1.2
S1p 72 6.4 +0.75 21.3+0.7 29.15+1.2
(1 uM) 90 6.2+1.2 21.55+1.5 31.35+1.1
108 59+1.13 22.15+1.4 31.64+1.1
Table 1
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